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Abstract— In this paper, we present a new approach for estimating the risk of foundation’s failure of
which the design was made using the conventional safety factor. We also present the results of numerical
simulations applied to a continuous spread footing foundation based on a grainy dry soil where the
geotechnical characteristics are a random spatial variables. Indeed, we show that for the soil which has a
high natural variability the probability of failure associated with the standard safety factor becomes
important then, in this case, a good choice of the safety factor is necessary.
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I. INTRODUCTION

Since the middle of the last century, geotechnical engineering developments places the control of
geotechnical risks as a priority. Some authors illustrate this desire [1, 2, 3, 4 and 5]. In parallel, the complexity
of projects, through the goals "cost / time / performance", is increasing and the lands chosen to receive them
have, in the majority of cases, difficult geotechnical conditions. These unfavorable conditions could result from
a high variability of soil properties and could make their recognition and analysis very complex which may be
the source of further damage as shown in Fig.1.1. Our research work fall under the geotechnical risk control and
it focus on the question of the natural soil variability effects on the stability of shallow foundations. Our works
are based on the application of probability and statistics theories to assess and quantify those effects.

Fig.1.1. Illustration of the foundations’s failure

The first reflections on the applicability of probabilities and statistics in the geotechnical engineering date
from the year 1960. At that time the focus was on the relationship between parameters analysis, what is
commonly called the study of correlations with the objective to facilitate geotechnical studies for the structures
designing. Various statistical analyzes were undertaken at that time, some results can be found in the articles of
Amar, Bagulin and Jézéquel [6, 7] and in the works of Magnan and Baghery [8, 9, 10, 11 and 12] and in the
research report of Vidalie [13].
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Il. METHODOLOGY

The calculation of the bearing capacity of shallow foundations from cohesion and internal friction coefficient
is among the most well — known problem of the soil mechanics and all manuals make extensive references. The
work of Bowles, Frank, Hansen, Magnan, Meyrhof, Genevois and Versic [14, 15, 16, 17, 18, 19 20 and 21] are
good examples. For estimating the bearing capacity, we generally use the following formula:

0. = L(1-04)N,@) + 0, Nu@) + (1 +022) (14 022) c N (@)

As mentioned, the study focuses on the continuous spread footing foundations based on a dry powdery soil.
In this case we have:

0= Z N, (@]

The few published studies on this subject (Magnan and Baghery [8, 9, 10, 11 and 12]) had shown that it is
essential to take into account the scales of soil variability if we want to make a realistic estimating. Indeed, the
probabilities obtained are much too high to be realistic (about 30%). In this work we propose a new approach
for the calculating of the foundations failure probability. Basing on the exploitation of the analytical properties
of the bearing capacity coefficients (Fig.2.1), our method, as we will illustrate in the next sections, reduce

significantly the discordance between the estimated failure probabilities and the realistic failure probabilities
without tacking in account the scales of soil properties variability.

Fig.2.1 Curves of the coefficient of bearing capacity N,, (&)

Fig.2.1 shows that N, varies continuously (in the analytical sense) with @ and following a strictly increasing
monotonicity which means that N, is a bijection. Then the foundation failure condition could be translated this
way:

F, = Probability [ @; < 2],
Where,
Q7 : Real bearing capacity.
Q. : Estimated bearing capacity
Fs : Safety factor which is in general equal to 3

Then,
o * *B * c 'm B
F,= Probablhty[( Q. = YT N, (@ )) < (g—s = YT Ny (B ))]
So,
X " " m Ny(@m)
Fp=P Q. <2 ]=P[y" Ny(@") < mrom)

If we note "e" as a nonzero real number, we obtain:
Fp=lime_o (P[v" < X2 ]P[Ny(8) <EN,(8,) |+ S())
Where,

S@ =3 (P[v < 22 (P [Ny(@) < kEN, (8 )] - P[N, @) < (k= DENY(6)]))
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Let’s define "@," such as:
Ny (Bi0) =k $Ny(0im )
Then we obtain the final formula for the failure probability
Fp=limeo (P[y* < 22| P[g" < 6,1 + S(e))
Where,

S0 = 2o (P v < 2] Plo” < 041 - P07 <04 D)

I1l. RESULTS AND DISCUSSIONS
In this section, we visualize the numerical simulations results for the failure probabilities calculations.
A. Results

Fig.3.1 shows the non linear increasing of the failure probability related to gjand also her insensitivity
according to the variability o, of the soil density. In the other hand, as we said before, the values of failure
probabilities obtained are more realistic than those obtained using the older methods. This difference between
results can be explained by the fact that in our approach we didn’t assume hypothesis concerning the distribution
of the values of N, ().
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Fig.3.1 Curves representing the failure probability as a function of ; and o, for different values of @,,,

In the other hand, Fig.3.2 shows that the failure probability follows a convex curves as a function of the
average value @,,. We also note that the failure probability admits, independently of o, and o,, the same
minimum value in @,, = 25°.
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Fig.3.2. Curves representing the failure probability as a function of @,, and o, for different values of oy

Fig.3.3 gives, for different values of gy, the curves representing the failure probability as a function of @,,.
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Fig.3.3. Curves representing the failure probability as a function of @,, for different values of o,
B. Discussions

Results show that the failure probability depends on the level of soil variability in particular that of the
internal friction coefficient #. We have :

e For soils with low variability, the choice of safety factor Fs is justified by the fact that the failure is
improbable.

e For soils with medium variability, the failure probability takes values which, depending on @, varies
from 0 to 5%. This corresponds to a relatively low risk of failure.

e  For soils with high variability, the risk of failure becomes important with values of approximately 10 —
20% and therefore the safety factor Fs = 3 is not adapted to this situation.
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TABLEI. ABSTRACT FOR THE RESULTS

Soil with Failure Probability Comments
Low Variability 0% Improbable Failure
Medium Variability About 5 % Moderate Probability
High Variability About 10 to 20 % High Probability

The fact that the failure probability has a minimum in @,= 25° can be seen as a consequence of the variations
mode of the bearing capacity coefficient N, (@). In fact, as illustrated by Fig.2.1, for @ > 25°, the monotoncity of
N, () becomes more and more pronounced (positive acceleration). That means, for a small decreasing A@
corresponds a big drop AN,,, which logically increases the value of the failure probability. On the other hand, for
the values @ < 25°, the failure probability grows, despite small variations of N, in this area of values, which can
be justified by the ratio between @, and o,, which, becoming very important in this area of values, increases the
values of the failure probability. So for @ = 25°, all favorable conditions come together to give low values to the
failure probability.

1VV. CONCLUSION

The method presented provided realistic estimates of the risk of foundations failure and shows the interest of
taken into account the levels of the natural soil variability in the selection of safety factors especially in the case
of soils with high natural variability. Therefore, this method can be integrated in the foundation design process
in order to control the geotechnical risks and uncertainties.
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